Based on Reg. (EC) No. 2160/2003, programs to control Salmonella in primary production in poultry have been decided and implemented in Europe. This paper addresses the question of the efficacy of these programs to reduce the incidence of salmonellosis in humans in Germany. From the available data it becomes clear, that there is a strong reduction by 54 % of the annual salmonellosis incidence in humans from 2007 to 2010 that is mainly attributable to a reduction in cases of S. Enteritidis (-74 %), but also to a reduction in S. Typhimurium (-30 %). Data from the established control programs and from food surveillance at the same time indicate a reduction of positive herds, of positive samples of poultry meat and of the share of S. Enteritidis and S.
The regulation for laying hens fixes a flexible reduction target to combine public health needs (reduction in human salmonellosis cases) with highly variable baseline prevalences in the respective poultry population in the Member States identified during baseline studies. For breeding flocks, broilers and turkeys a target of one percent of the relevant serovars should be achieved. The control programs focus on serovars that have continuously been associated with high incidence rates in the human population: in Germany, S. Enteritidis is closely associated with Gallus gallus, especially laying hens, and S. Typhimurium is more prevalent in meat production lines of poultry and the predominant serovar in pigs. Baseline studies in breeding and finisher pigs have also been carried out in Europe. However, reduction targets have not yet been defined. The incidence of salmonellosis in humans in Germany has decreased substantially over the last 20 years. While this looked like a continuous process, the decline has gained speed since the implementation of the new regulations on salmonella control in poultry. The relationship between these regulations and the sharp decrease in human salmonellosis is underlined by the even more prominent decrease in human salmonellosis due to S. Enteritidis, the predominant serovar in laying hens. Unfortunately, poultry production and pig production differ in many aspects pre and post harvest. Therefore, a simple copy of the control programs in poultry will not be feasible.
Material and Methods
For layers, broilers and turkeys the results of the baseline studies (Käsbohrer et al. 2010 and from the survstat system run by RKI for 2010 (data taken as per 06. May 2011). Datasets without reported serovars were attributed to the known serovars according to their share of the reported serovars.
Results
Results of the baseline studies are shown in figure 1. It is obvious that in layers most (80 %) of the reported positives were S. Enteritidis, while a limited proportion was S. Typhimurium. In contrast, in broilers and turkeys, most isolates were other serovars. In 2009, S. Enteritidis was still the predominant serovar in layers accounting for 4.5 of the 6.6 % positive herds reported (68 %) but the proportion of reported positive herds was far lower than in the baseline study. In broilers, in 2009, there were only 0.4 % of herds positive for S. Enteritidis and S. Typhimurium, i.e. the number was reduced by 86 %.
In broiler meat, between 2005 and 2008 the rate of positive samples collected in the framework of official food control was between 8.5% and 11.5% (Fig. 2) . In 2009 it dropped to 6.2% and was at 6.6 % in 2010. In turkey meat, the rate was at 5.8 % in 2010 after considerable variation in previous years. Among the Salmonella isolates from broiler meat the proportion of S. Enteritidis and S. Typhimurium dropped sharply from 2008 (19.5 and 13.8 %) to 2009 (5.2 and 3.4%). Data for 2010 are currently being generated.
The incidence of reported salmonellosis cases in humans has dramatically decreased by 54 % in Germany from 2007 to 2010 (Fig. 3) . The decrease mainly involved the incidence of infections with S. Enteritidis, the predominant cause of salmonellosis in humans in the last decade. Infections with S. Enteritidis were reduced by 74% with a constant annual decrease of more than 30 % for the years 2007 to 2010. Infections with S. Typhimurium did not decrease to this extend. However, the overall decrease from 2007 to 2010 was 30% despite an increase from 2009 to 2010 (Fig. 4) . In contrast, there was an overall dramatic increase of infections due to other Salmonella serovars from 2007 to 2008, followed by a decrease by from 2008 to 2010.
Discussion
It is tempting to attribute the constant decrease of S. Enteritidis infections in humans to the application of the regulations based on Reg. (EC) No. 2160/2003. S. Enteritidis infections in the past have mainly been attributed to products from Gallus gallus, i.e. eggs and broiler meat. The combinations of strict regulations on the level of primary production and on the trade of eggs probably contributed a lot to the decrease in S. Enteritidis. Interestingly, S. Typhimurium also decreased from 2007 to 2010, however, to a lesser extend and not consistently. It is not clear, whether this reduction is due to the new regulations in place, as there was an actual increase in 2010 compared to 2009. Human infections with S. Typhimurium have been mainly attributed to contaminated meat and it could be expected that the decrease would not be observed before the regulations on broilers and turkeys were put in place. In line with a potential effect of the regulations, contamination rates of meat from broilers with Salmonella spp. were lower in 2009 and 2010 than in the years before. Moreover, the proportion of S. Enteritidis and S. Typhimurium among the positive samples sharply dropped. Likewise, in turkey meat rates were lower in 2010 than the average of 2005 to 2009. However, future surveillance programs will have to prove that this is a permanent effect. For controlling Salmonella in pigs, this is a challenge as infections with S. Typhimurium have been attributed to pig meat and control measures in pigs are expected to reduce the caseload of S. Typhimurium infections in humans.
Conclusion
The development of human cases of salmonellosis indicates that consistent measures to control salmonellosis in livestock can reduce the human burden of disease. This is encouraging for the setting of targets for Salmonella spp., especially S. Typhimurium in pigs. However, due to the differences in pig and poultry production, the procedures cannot be copied one by one but will have to be adapted to the specific situation.
